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1 Introduction

Rel-13 low complexity (LC) and coverage enhanced (CE) UEs will support PUSCH for transmitting data and control information, and PUCCH for transmitting ACK/NACK messages for DL HARQ when an uplink scheduling grant is not available. The transmissions from LC/CE might be repeated to meet the performance goals stated in [1]. In general, PUCCH and PUSCH may be scheduled in different narrowbands. In addition, frequency hopping across narrowbands can be configured to extract frequency diversity gains. To allow retuning to a new narrowband, the LC/CE UEs will need to implement a frequency retuning guard interval, or a “retuning gap”. RAN4 has identified two OFDM symbols as the maximum acceptable duration of this retuning gap.
The UE may need to puncture one or two symbols in a subframe to implement the retuning gap, incurring some performance loss. The information about which symbols are punctured is not reported explicitly to the eNodeB. In this contribution we evaluate the impact of different retuning gap schemes depending on which OFDM symbols are punctured, and propose schemes that minimize the performance loss. The simulation parameters are those specified in [2] and in the Annex.
2 Discussion
There are three possible retuning gap schemes when frequency retuning occurs at the subframe boundary:

1. Last two OFDM symbols of previous subframe.

2. Last OFDM symbol of previous subframe and first symbol of next subframe.

3. First two symbols of next subframe.

Utilizing any of the above three schemes will lead to some loss in PUSCH/PUCCH performance on account of loss of signal energy. In addition for code-multiplexed PUCCH transmissions, it is possible that collisions might occur if one or more OFDM symbols are not transmitted (truncated) to fulfil the retuning gap requirements.
2.1 Retuning gap for PUSCH
The simulation results for PUSCH are shown in Figure 1. It is observed that for all the three schemes, there is approximately 0.4 dB loss in BLER performance when the retuning gap spans two OFDM symbols and the frequency hopping interval is 2 ms. For a longer frequency hopping interval of 16 ms, the loss from retuning gap is negligible.
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Figure 1 The loss in PUSCH BLER performance due to a retuning gap spanning 2 OFDM symbols is negligible for Y_ch=16 ms and approximately 0.4 dB for Y_ch=2ms.
The performance loss is observed to be similar for all retuning gap schemes, implying that it occurs only due to loss of signal energy (since fewer data-carrying symbols are transmitted). In cases where SRS is configured, the legacy behavior is to avoid uplink transmission in last OFDM symbol of subframe containing SRS. This may be exploited to further reduce the from retuning gap.
Proposal 1 For PUSCH transmission from Rel-13 LC/CE UEs, the frequency retuning gap always spans the last OFDM symbol of the subframe that precedes the frequency hopping.
2.2 Retuning gap for PUCCH
The simulation results for a single PUCCH transmission within a PRB are shown in Figure 2 The loss in PUCCH ACK Miss rate due to a retuning gap spanning 2 OFDM symbols is approximately 0.5 dB for Y_ch = 2 ms. below. It is observed that as in case of PUSCH, all the three schemes lead to similar performance degradation. It must be noted, however, that collisions are not accounted for in this figure. In general, truncating one or more OFDM symbols reserved for data will cause collisions with other PUCCH transmissions that are separated using an orthogonal cover code over the data symbols.
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Figure 2 The loss in PUCCH ACK Miss rate due to a retuning gap spanning 2 OFDM symbols is approximately 0.5 dB for Y_ch = 2 ms.
Similar to PUSCH, the legacy muting of uplink data transmission in that subframes that carry SRS can be exploited for PUCCH retuning gap.
Proposal 2 For PUCCH transmission from Rel-13 LC/CE UEs, the frequency retuning gap always spans the last OFDM symbol of the subframe that precedes the frequency hopping.
Up to four PUCCH transmissions may be code-multiplexed in each slot by using length-4 orthogonal cover codes (OCC) over the data symbols. The OCC is determined based on a cell-specific and slot-specific pattern by each UE. Truncating an OFDM symbol within a slot can potentially cause collisions with three other PUCCH transmissions in each slot, since the cover codes no longer remain orthogonal. This implies that by introducing a PUCCH retuning gap, there could be performance loss from collisions in addition to the loss in signal energy.
The effect of PUCCH collisions due to OFDM symbols truncation is shown in Figure 3 and Figure 4 below. These figures plots the ACK miss rate of a ‘desired’ PUCCH transmission, when code-multiplexed PUCCH transmissions have one or more symbols truncated according to the specified retuning gap schemes. The desired PUCCH transmission does not apply any retuning gap in any case, implying that the performance loss shown in figure is only from the PUCCH collisions (since there is no loss in signal energy for desired PUCCH transmission). 

Figure 3 and Figure 4 correspond to colliding PUCCH SNRs of -5 dB (typical) and 10 dB (extreme) respectively.
It is observed that:

1. There is potentially a performance loss due to the PUCCH collisions, but is limited to scenarios where the colliding UEs have high SNRs.
2. The performance loss is greatest when the last symbol of previous subframe and the first symbol of next subframe are truncated, since this causes collisions in two subframes.
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Figure 3 The loss in PUCCH ACK Miss rate due to collisions with other PUCCH transmissions (on account of symbol truncation) is negligible when the SNR of colliding transmissions is low.
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Figure 4 There is some loss in PUCCH ACK Miss rate due to collisions with other PUCCH transmissions, when the SNR of colliding transmissions is high.
The overall performance loss in PUCCH transmission is therefore a combination of signal energy loss from its own retuning gap and the loss from collisions with other PUCCH. However, PUCCH will use frequency hopping (and therefore a retuning gap) for at least a few (>=4) repetitions, which corresponds to a quite low SNR and Y_ch of e.g. 2 ms. In this case, the signal energy loss from retuning gap of 2 OFDM symbols is approximately 0.5 dB. On the other hand, the loss from collisions is observed to be quite small at such SNRs. 
Proposal 3 For PUCCH transmissions from Rel-13 LC/CE UEs, the retuning gap for frequency hopping across narrowbands is at most two OFDM symbols (i.e. no subframe is skipped)

From this discussion, we observe that both PUSCH and PUCCH suffer from a signal energy loss from a retuning gap, while PUCCH can additionally suffer from collisions, although the impact of such collisions appears to be quite limited.
Proposal 4 For Rel-13 LC/CE UEs, the retuning gap between a PUSCH subframe and PUSCH/PUCCH subframe spans the last two OFDM symbols of the PUSCH subframe preceding the frequency hop.

Proposal 5 For Rel-13 LC/CE UEs, the retuning gap between a PUCCH subframe and another PUCCH subframe spans the last two OFDM symbols of the PUCCH subframe preceding the frequency hop.

Proposal 6 For Rel-13 LC/CE UEs, the retuning gap between a PUCCH subframe and a PUSCH subframe spans the first two OFDM symbols of the PUSCH subframe following the frequency hop.

3 Conclusions

Based on the discussion, we have the following proposals:
Proposal 1
For PUSCH transmission from Rel-13 LC/CE UEs, the frequency retuning gap always spans the last OFDM symbol of the subframe that precedes the frequency hopping.
Proposal 2
For PUCCH transmission from Rel-13 LC/CE UEs, the frequency retuning gap always spans the last OFDM symbol of the subframe that precedes the frequency hopping.
Proposal 3
For PUCCH transmissions from Rel-13 LC/CE UEs, the retuning gap for frequency hopping across narrowbands is at most two OFDM symbols (i.e. no subframe is skipped)
Proposal 4
For Rel-13 LC/CE UEs, the retuning gap between a PUSCH subframe and PUSCH/PUCCH subframe spans the last two OFDM symbols of the PUSCH subframe preceding the frequency hop.
Proposal 5
For Rel-13 LC/CE UEs, the retuning gap between a PUCCH subframe and another PUCCH subframe spans the last two OFDM symbols of the PUCCH subframe preceding the frequency hop.
Proposal 6
For Rel-13 LC/CE UEs, the retuning gap between a PUCCH subframe and a PUSCH subframe spans the first two OFDM symbols of the PUSCH subframe following the frequency hop.
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Annex: Simulation parameters
	Parameter
	Value

	Carrier Frequency
	2 GHz

	System Bandwidth
	10 MHz

	Antenna
	1×2, low correlation

	Channel Model
	EPA, 1 Hz Doppler

	Carrier Frequency Offset
	25 Hz

	MCS
	5

	Cross-SF channel est filter length (PUSCH)
	4 subframes

	Frequency hop bandwidth
	50 PRBs


R=16, Y_ch=2


~0.4 dB loss





R=128, Y_ch=16


Negligible loss





R=4, Y_ch=2


~0.5 dB loss





Colliding SNR = - 5 dB R=4, Y_ch=2


Negligible loss





Colliding SNR = 10 dB R=4, Y_ch=2


~1 dB loss
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